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The ESCRT-I, -II, and -III complexes act sequentially to
sort monoubiquitinated transmembrane proteins into
multivesicular bodies for targeted degradation in the
lysosome. Two papers published in a recent issue of
Cell provide insights into the structural organization
and functional interactions of the ESCRT-I complex
and ESCRT-II GLUE domain.
Internalized receptors and other transmembrane pro-
teins conjugated with a single ubiquitin molecule are
targeted for degradation in the lysosome, or the func-
tionally equivalent yeast vacuole, via late endosomal
compartments known as multivesicular bodies or
MVBs (Raiborg et al., 2003). Monoubiquitin conjugation
serves as a signal for sorting into vesicles that bud into
MVBs. The resulting luminal vesicles and their contents
are degraded following fusion of MVBs with lysosomes/
vacuoles, which contain hydrolytic enzymes. The MVB
pathway also sorts proteins required for lysosome/
vacuole function.
Genetic screens in yeast have identified Vps proteins
required for vacuolar protein sorting (Katzmann et al.,
2002). Many Vps proteins have mammalian homologs
implicated in lysosomal sorting (Hurley and Emr, 2006).
Null or temperature-sensitive mutants involving a subset
of Vps proteins exhibit a characteristic Class E pheno-
type distinguished by malformed MVBs and miss-sort-
ing of cargo proteins. Ten of the Class E Vps proteins
are organized into three sequentially acting complexes,
designated endosomal sorting complexes required for
transport (ESCRT-I, -II, and -III). The ESCRT complexes
are critical for MVB budding and sorting of monoubiqui-
tinated cargo into the luminal vesicles (Babst et al.,
2002a, 2002b; Katzmann et al., 2001). ESCRT-I is a het-
erotrimeric complex comprised of Vps23, Vps28, and
Vps37. ESCRT-II consists of Vps22, Vps36, and two mol-
ecules of Vps25, whereas ESCRT-III contains Vps20,
Vps32/Snf7, Vps2, and Vps24. The ESCRT complexes
can be co-opted by HIV and other enveloped retrovi-
ruses, which take advantage of the topological similarity
between budding into MVBs and budding out of the cell.
Another crucial player is phosphatidylinositol 3-phos-
phate (PtdIns(3)P), which is enriched on early endo-
somes and on the luminal vesicles of MVBs (Raiborg
et al., 2003). The recruitment of many protein complexes
involved in endosome biogenesis and function depends
on the interaction of their FYVE and PX domains with
PtdIns(3)P, which is synthesized by the phosphatidyli-
nositol (PtdIns)-specific kinase Vps34. Notably, inhibi-
tion of Vps34 activity by the fungal metabolite Wortman-
nin interferes with MVB formation.
Over the last several years, an elaborate network of
interactions within and between the ESCRT complexes,
late endosomes, and monoubiquitinated cargo has
emerged (Hurley and Emr, 2006). A key early eventinvolves recruitment of ESCRT-I to late endosomes
through interaction with the yeast Vps27/Hse1 or mam-
malian Hrs/STAM complexes, which depend on an inter-
action with PtdIns(3)P mediated by the FYVE domain of
Vps27 or Hrs. Recruitment of ESCRT-I also requires
binding of monoubiquitinated cargo by the ubiquitin-
interacting motif of Vps27. The ubiquitin E3 variant
(UEV) domain in the Vps23 subunit of ESCRT-I binds
monoubiquitinated cargo proteins as well as P(S/T)XP
motifs in the upstream Vps27 complex, other endoge-
nous proteins, and retroviral Gag proteins.
Recent studies have elucidated the structural bases
for recognition of P(S/T)XP motifs by UEV domains
and monoubiquitin by UEV, Np14 zinc finger (NZF),
and other domains (Hurley and Emr, 2006). The structure
of the ESCRT-II core complex has also been determined
(Hierro et al., 2004; Teo et al., 2004). Now, the Hurley and
Williams groups have achieved another milestone
with independently determined structures of the yeast
ESCRT-I core complex (Kostelansky et al., 2006; Teo
et al., 2006). A major hurdle involved defining the core
complex by coexpression of full length and truncated
constructs in E. coli combined with limited proteolysis
and analyses of oligomeric state. Both groups ultimately
converged on a common determination of the core as-
sembly, which consists of the C termini of Vps23 and
Vps37 and the N terminus of Vps28. Each subunit of
the core complex consists of a structurally similar helical
hairpin (Figure 1). The overall arrangement resembles
a hand of cards or a fan, with Vps23 sandwiched be-
tween Vps28 and Vps37. This arrangement explains pre-
vious observations, including why the ‘‘steadiness box’’
in Tsg101 (the mammalian homolog of Vps23) is critical
for stability of the mammalian complex (Hurley and Emr,
2006). The ‘‘steadiness box’’ coincides with the Vps23
helical hairpin, which can be regarded as the linchpin
of core assembly. Hurley’s group further describes the
structure of a binary Vps23-Vps28 subcomplex as well
as conformational differences between the binary and
ternary complexes. They also point out a hydrophobic
hole lined with conserved residues near the Vps23/
Vps28 interface that is occupied by a phenylalanine res-
idue from a symmetry-related molecule in the ternary
complex and by a detergent molecule in the binary sub-
complex (Figure 1).
To get at the functional significance of the core inter-
actions, Kostelansky et al. report the results obtained
from mutations engineered to disrupt ESCRT-I assem-
bly. The mutant proteins were characterized for their
ability to form complexes and rescue the Class E pheno-
type in the appropriate null background. Disruption of
the Vps23/Vps28 interface results in a stable Vps23-
Vps37 subcomplex and presumably a monomeric form
of Vps28. Likewise, disruption of the Vps23/Vps37 inter-
face results in a stable Vps23-Vps28 subcomplex. In
both cases the Class E phenotype persists, indicating
that an intact ternary complex is essential for proper
MVB formation and sorting.
Having characterized the core assembly, a natural
question relates to the function of the appendage
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632Figure 1. Structures of the ESCRT-I Core
Complex and ESCRT-II GLUE Domain
A phenylalanine residue from a symmetry-
related molecule occupies the hydrophobic
hole observed by Kostelansky et al. (2006). A
sulfate ion from the GLUE domain structure
is located in the PtdIns(3)P binding site identi-
fied by Teo et al. (2006). Shown below the
structures is a schematic diagram depicting
the molecular organization and domain archi-
tecture of the ESCRT-I and -II complexes,
including known and newly identified interac-
tions. See text for further discussion. Coordi-
nates for the structures depicted in this figure
were provided by James Hurley (ESCRT-I
core) and Roger Williams (ESCRT-II GLUE
domain).regions. Both groups show that the Vps28 C terminus
binds the N terminus of the Vps36 subunit of ESCRT-II
(Figure 1). This region of Vps36 contains a GLUE
(gram-like ubiquitin binding in EAP45) domain with a
yeast-specific insertion of tandem NZF zinc fingers.
Ubiquitin was previously shown to bind to the second
zinc finger (NZF-2). The Williams group now shows
that the Vps28 C terminus binds to the first zinc finger
(NZF-1) of Vps36, but not to a construct of the GLUE do-
main lacking the tandem NZF insertion. They also find
that the NZF deletion construct binds PtdIns(3)P with
high affinity as does the intact GLUE domain. The crystal
structure of the NZF deletion construct reveals that the
GLUE domain is in fact a split PH domain with a sulfate
ion occupying a basic pocket between the b1/b2, b5/b6,
and b7/a1 loops (Figure 1). Mutation of basic residues in
this pocket, but not the more canonical binding pocket
between the b1/b2, b3/b4, and b6/b7 loops, disrupts
binding to PtdIns(3)P in vitro. Through rescue experi-
ments in yeast, Teo et al. demonstrate that a double mu-
tant miss-sorts monoubiquitinated cargo similar to the
Class E phenotype, but without the aberrant MVB mor-
phology. Finally, they show that Vps36 N terminus binds
simultaneously to PtdIns(3)P, ubiquitin, and ESCRT-I,
suggesting that these interactions might synergistically
stabilize the association of ESCRT-II with ESCRT-I and
late endosome membranes (Figure 1).
Despite a wealth of new information, important ques-
tions remain. What, for example, is the function of Vps37
N terminus? What is the significance of the exposed
hydrophobic hole or the conformational differences
between the binary and ternary complexes? Does
the GLUE domain in the mammalian Vps36 homolog(EAP45) bind PtdIns(3)P and/or to the C terminus of
the mammalian Vps28 homolog? How is the ESCRT-III
complex assembled and how does it promote budding
of vesicles into the lumen of the MVB? Answers to these
and other questions await future studies.
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